The exacerbated production of solid residues represents a major problem in the management and handling of urban wastes. The by-product of stored municipal and industrial solid waste production is landfill leachate. Leachate is characterized by a high concentration of organic compounds, ammonia, and the presence of heavy metals. Because of its composition, this kind of wastewater can cause serious environmental pollution and should be treated to reduce its toxic effects. Increasingly, the interest is directed to the application of the ANAMMOX (anaerobic ammonium oxidation) process for the landfill leachate treatment. In this study, for the first time, the effect of treatment with the ANAMMOX process on the toxicity of leachate was investigated.
INTRODUCTION
Increasingly, affluent lifestyles and industrial development in many countries worldwide have been accompanied by a rapid increase in both industrial and municipal solid waste production, which are stored in landfills (Renou et al. ) . As rainwater percolates through layers of the decomposed waste, landfill leachate is formed (Christensen et al. ) . Landfill leachate is characterized by high concentrations of organic compounds, ammonium and inorganic salts, including in some cases heavy metals such as Cd, Cr, Cu, Pb, Ni, Zn (Horan et Phytotoxicity may be investigated using Lemna minor (duckweeds (Mohan & Hosetti ; Singh & Singh ) The aim of this study was to determine how efficiently the ANAMMOX process reduces the phytotoxicity and genotoxicity of landfill leachate. In order to test the wastewater phytotoxicity, Lemna minor was used in the growth inhibition tests, and in order to test genotoxicity Allium cepa was used in the RAPD assay.
MATERIALS AND METHODS

ANAMMOX reactor characteristics and physiochemical analysis
A 20 L sequencing batch reactor (SBR) was operated at a temperature of 33 ± 1 C (standard deviation, SD), pH
(SD) of volatile suspended solids (VSS) and hydraulic retention time (HRT) equal to 1 day. Before the experiment, the reactor was fed with a mineral medium adapted from van de Graaf et al. () for 830 days. After this time, the mineral medium was replaced with landfill leachate and treated for 120 days. The performance of the reactor during the treatment of synthetic and real landfill leachate was described in a previous paper (Tomaszewski et al. ) .
Regular measurements of ammonium, nitrite, and nitrate nitrogen were conducted using fast photometric Organic nitrogen 14-2,500
Ammonium-N 100-5,500
The ranges are based on Christensen et al. (2001) and Renou et al. (2008 
Landfill leachate preparation and sampling
The real landfill leachate used for this experiment was taken from a municipal landfill in southern Poland. The feeding strategy was based on an increase of the nitrogen loading rate (NLR) when the nitrogen removal efficiency was stable. The ammonium (NH 4 þ -N) concentration was regulated by diluting the wastewater with tap water. In order to achieve an adequate ammonium:nitrites ratio (1:1.32) required for the ANAMMOX process, NaNO 2 was added, which simulated the wastewater after a partial nitrification process.
Samples for ecotoxicological assays were collected three times: at the 35th (sample I), at the 70th (sample II), and at the 98th (sample III) day of the landfill leachate treatment.
Samples were taken before dilution (untreated wastewater) and from the influent and the effluent of the ANAMMOX reactor.
Phytotoxicity test
The growth inhibition tests on Lemna minor were performed in triplicate. Genomic DNA of Allium cepa was isolated using the Geno- Dice coefficient was applied for constructing dendrograms using the neighbor-joining algorithm.
RESULTS AND DISCUSSION
The samples of untreated landfill leachate, influent, and effluent of the ANAMMOX reactor were collected at three sampling times: at the 35th (sample I), at the 70th (sample II) and at the 98th (sample III) days of the landfill leachate treatment. Physicochemical parameters of untreated leachate, influent, and effluent of SBR with the ANAMMOX process are presented in Table 2 . Untreated leachate was characterized by a high concentration of NH 4 þ -N and COD, but a low concentration of NO 2 --N and NO 3 --N. pH of untreated leachate was close to 8. Concentrations of heavy metals in the untreated landfill leachate were provided by the municipal landfill in southern Poland.
Concentration of heavy metals in untreated leachate is presented in Table 3 .
As shown in Table 2 , in each sample (I-III) almost the whole content of N-NH 4 þ and N-NO 2 -was removed from the influent, indicating a good ANAMMOX activity. In the effluent of samples I and III the concentrations of Cl -were 2,210 and 2,290 mg L -1 , respectively. In sample II the con-
increase of the pH value in sample II (7.84) was observed, compared to samples I and III (7.72 and 7.75). The removal of COD, despite the different concentration in the influent, was stable and remained at an efficiency of 42 ± 2%.
Lemna minor bioassay
The results of the Lemna minor test for the three samples are reported in Figure 1 (a)-1(c). The test shows that duckweed incubated in increasing concentrations of the untreated leachate and the influent was close to the growth inhibition of 100%, except for the highest dilution of the influent in the sample II where a 55% growth inhibition was observed.
Treatment results in a decrease of the growth inhibition in almost all samples, except for the non-diluted effluent in sample II, where a 100% inhibition was observed. Furthermore, in samples II and III in dilutions between 25-6.25%
and 50-6.25%, respectively, growth stimulation was observed.
High phytotoxicity of the untreated leachate and the influent might be caused by the presence of heavy metals. (Table 2) , resulting from the lower nitrogen removal in the sample II by the ANAMMOX process, NH 3 may be formed, as described above.
Induction of genotoxicity in Allium cepa
PCR-RAPD was applied to show changes in DNA as the genotoxic effect of the untreated landfill leachate, the influent, and the effluent of SBR with the ANAMMOX process.
For amplification the OPA04 primer, specific for The genetic similarity degree also shows that H 2 O 2 caused more DNA damage than EMS, which is shown in The dendrograms generated for the OPA04 primer from its RAPD profiles are presented in Figure 3 (a)-3(i).
In Figure 3 Analyzing the genotoxicity test in Allium cepa in which plants were exposed to different concentrations of the untreated leachate, the influent, and the effluent of SBR obtained for three samples, the correlation between the concentration of components of landfill leachate, such as heavy metals or COD on the ANAMMOX process, was not found.
It can be expected that the untreated leachate and the influent could have the highest toxicity, because of the presence of heavy metals and a higher concentration of COD.
Additionally, the treatment process had to decrease the concentration of COD and heavy metals as described above, which may result in the reduction of the effluent genotoxicity. However, the results show that the treated leachate caused a similar degree of the DNA damage to the untreated leachate, as described above. It may be caused by low efficiency of the COD removal (47 ± 2% Further studies will be needed in order to evaluate the effects of the treatment on other organisms of the trophic chain. Furthermore, it is necessary to detect exactly which components of the landfill leachate influence the toxicity of wastewater.
CONCLUSIONS
Due to its composition, landfill leachate is one of the major environmental problems. Treatment of this kind of wastewater is important for the purposes of reducing its toxic effect on the environment, which was the subject matter of previous studies. In this experiment we used a phytotoxic test on Lemna minor and PCR-RAPD for genotoxicity of 
